Introduction {#S0001}
============

Primary osteosarcoma of the breast (POB) is a very rare tumor with poor prognosis. Regarding the previous reports, POB has been rarely diagnosed and POB contributes to approximately 1.2% of all soft tissue sarcomas and less than 1% of all sarcomas arising primarily from the mammary glands.[@CIT0001] It is well known that osteogenic osteosarcomas affect mainly young patients but POB commonly affects older patients with a mean age at presentation around 65 years.[@CIT0002] Of the spindle cell neoplasms affecting the breast, both with pure mesenchymal origin and those with an epithelial component which are literally called carcinosarcomatous such as metaplastic carcinomas and malignant phyllodes tumor (MPT), MPT is more prevalent with an incidence of about 30%.[@CIT0003],[@CIT0004]

Diagnosis of POB is supposed to be made after excluding metaplastic carcinoma, MPT and metastatic skeletal osteosarcoma. In 2008, Khan et al[@CIT0005] reported that approximately 150 cases of POB had been reported in the literature since 1957. POB is a very aggressive malignancy, with a high possibility of relapse and metastasis especially by hematogenous route instead of lymphatic spread, and the most common distant site for metastasis are the lungs.[@CIT0006] The pathogenesis of POB remains unclear. Some reports have suggested that the tumor develops from totipotent mesenchymal cells of the breast stroma or the transformation of a preexisting fibroadenoma or phyllode tumor.[@CIT0006],[@CIT0007] We present the case of a 16-year-old African female who was diagnosed with an osteosarcoma in her left breast.

Case Report {#S0002}
===========

A 16-year old female was brought to the pathology laboratory for fine needle aspiration cytology (FNAC) after presenting with a painful fast growing left breast mass for 8 months. Before coming to our laboratory, she was taken for mammography examination, which revealed a large mass of about 11x9x6 cm, well circumscribed with cystic degenerative changes. A provisional diagnosis of fibroadenoma was made. An ultrasound scan (USS) was done, w2hich revealed a large irregular predominantly solid mass with cystic areas and large egg shaped calcification ([Figure 1](#F0001){ref-type="fig"}). We examined the patient at the pathology laboratory before doing FNAC and we found the left breast was significantly swollen and shining ([Figure 2](#F0002){ref-type="fig"}). On palpation the tumor was firm, nodular, ill-defined, and mobile, and it was occupying the lower outer quadrant. The tumor was measuring 11x8x5 cm. The nipple was neither retracted nor inverted and the overlying skin was unremarkable. The contralateral breast was normal and both axillary regions had no palpable lymph nodes. After performing FNAC, the aspirate material was cystically hemorrhagic. The cytomorphological features were of moderate cellular smears indicating few solid clusters of epithelial cells without atypia in a background of cystic hemorrhagic material. A diagnosis of fibrocystic change disease of the breast was made.Figure 1Ultrasound scan appearance of the involved left breast. Both upper quadrants are involved by the tumor, with marked cystic changes as well as marked areas of the lesion with calcification.Figure 2The breast is swollen, shining, and somewhat paler at the center above the nipple.

Following this deviation from usual fibroadenoma as it was suggested by mammography, an open biopsy was requested. The submitted lumpectomy specimen was measuring 11×9×7 cm, encapsulated, grayish-white, and nodulated. Cut-surface showed heterogeneous tissue with numerous cystic and a few whitish and fibrous solid lesions ([Figure 3](#F0003){ref-type="fig"}). Microscopically, using Hematoxylin and Eosin (H&E) stained sections, the tumor was composed of atypical spindle cells and large pleomorphic epithelioid cells and multinucleated cells of osteoclastic type which were forming a new bone matrix (osteoid). About 40 atypical mitoses per 10 HPF were seen. Therefore, a diagnosis of primary osteosarcoma was made ([Figures 4A](#F0004){ref-type="fig"}--[D](#F0004){ref-type="fig"}).Figure 3The tumor is heterogeneous with marked cystic changes. Other areas show extensive fibrosis and gritty sensation on sectioning.Figure 4(**A**) Spindle tumour cells showing marked nuclear pleomorphism and hyperchromasia (H and E stain, x100). (**B**) Malignant chondroid matrix with increased cellularity and binucleation of some chondrocytes (H and E stain, x100). (**C**) The tumor cells are giant epithelioid and osteoclastic with elements of osteoid formation. Brisk mitotic figures are also evident (H and E stain, ×400), (**D**) The lesion shows multinucleated tumor giant cells in the osteoid matrix (H and E stain, ×400).

For immunohistochemical (IHC) staining for alpha-SMA and vimentin, sections of thickness of 4 μm were prepared from the FFPE tissue block using a microtome. The sections were de-waxed by being microwaved at 60°C for 50 minutes, and then cleared in two changes of xylene using 10 dips in each change. Hydration was done by dipping the sections in 95%, 80%, and 70% ethanol and then rinsed in running tap water. Two drops of 3% H~2~O~2~ solution were added to each section for 20 minutes to block endogenous peroxidase and, then, the slides were rinsed in distilled water. The slides were incubated in the antigen retrieval solution of 10 mmol/L citrate buffer of pH 6.0 within a pressure cooker at 95°C for 30 minutes, from which the slides were removed after 2 minutes of full pressure.

The slides were placed in distilled water waiting for addition of phosphate buffer solution (PBS, Dako, Denmark) to the sections for 3 minutes. PBS was then drained from slides before adding a ready to use primary monoclonal antibody of alpha-SMA (MA1106, BosterBio, CA, USA) and allowed to incubate for 1 hour. The slides were washed with PBS for 5 minutes, and, then, two drops of horse rabbit peroxidase were added to each section for 30 minutes. The slides were again washed with PBS for 3 minutes. PBS was drained from the sections; then, chromogen diaminobenzidine (DAB) (Dako, Denmark) was added to the sections for 3 minutes.

The sections were washed in distilled water, counterstained in Harris hematoxylin solution for 10 seconds, and differentiated by 2 dips into 1% of HCL-Ethanol solution. The sections were blued in warm water for 5 minutes, dehydrated through 70%, 80%, and 95% ethanol, and then cleared in two changes of xylene for 10 minutes. The sections were finally cover-slipped using Distyrene Plasticizer Xylene (DPX) and were ready for assessment and interpretation.

The similar protocol according to the manufacturer was used for vimentin (Monoclonal antibody, PB93559, CA, USA). Vimentin was strongly positive ([Figure 5A](#F0005){ref-type="fig"}) and SMA was focally positive ([Figure 5B](#F0005){ref-type="fig"}). ER/PR and HER-2/neu were all negative (triple negative) and also AE1/AE3 was negative. This confirmed the histological diagnosis of primary osteosarcoma. After the wide excisional biopsy treatment of the patient, the patient was sent for a survey of metastasis by means of computer tomography (CT) scan which revealed no metastasis. Following evaluation of the patient for metastasis, the patient was supposed to start chemotherapy; however, before starting chemotherapy, the parents decided to take her for herbals. The patient has not developed either recurrence or metastasis for 10 months since diagnosis and she was reported to have no complaint regarding the previous diagnosis.Figure 5(**A**) The spindle tumor cells are diffusely and strongly stained with vimentin monoclonal antibody (IHC stain, ×100), (**B**) The SMA monoclonal antibody shows focal and moderate staining of the spindle tumor cells (IHC stain, ×100).

Discussion {#S0003}
==========

Encountering of osteosarcoma of the breast in a patient at the age of 16 years is something that raises questions that may not get answers easily. This is because development of the commonest epithelial breast malignancies in patients aged below 18 years is unusual. Then the development of POB in the current case remains a paradox. Risk factors have been identified for some extraskeletal osteosarcomas and include prior local irradiation, trauma, and a foreign body. The mechanism of epithelial cells transforming into mesenchymal cells (EMT) has been described and various EMT-regulating transcription factors such as Snail, Slug, Twist, and zinc finger E-box-binding homeobox 1 (ZEB1) and OVol2 protein genes, have been widely recognized as important players in tumor development and progression.[@CIT0008]

Involvement of these transcription factors in the complex pathogenesis of OS has been reported in the literature. The current communication of Crevecoeur et al[@CIT0009] analyzed the overexpression of Ovol2 in patients with metastatic osteosarcoma from different sites including breast, and they found that overexpression of Ovol2 gene protein was associated with poor prognosis (*P*˂0.05). Another school of thought regarding the pathogenesis of POB is the linking with fibroadenomas based on the argument that both fibroadenomas and POBs contain bone and osteoid cells. Both disease entities share a similar mammographic appearance of being well-circumscribed dense masses with numerous calcifications, as was the case in the present patient.[@CIT0010] However, these two hypotheses do not give a causal relationship, hence they still remain as suggestions.

The presentation of POB is that of either any other breast cancer or like any other benign breast lesions such as fibroadenoma or phyllodes tumors. Clinically most patients with POB tumors present with pain and a fast growing mass which is firm, mobile, and circumscribed without involving axillary lymph nodes.[@CIT0006] Because this disease presents with mammographic features resembling those of benign breast lesions, this contributes greatly to the decrease of the clinical index of suspicion. This in turn may lead to a delay for initiation of proper treatments. Because POB is very rare, this contributes greatly to the lack of defined comprehensive and reliable systemic treatment modalities. Studies have shown that the treatments for POB are excision, tylectomy, and mastectomy depending on the status of the patient.[@CIT0011] Excisional biopsy stands as the initial treatment. The current patient underwent excisional biopsy as a means of treatment. This was followed by scanning for presence of metastasis using computer tomography (CT) scan which revealed no metastasis to any site. Her condition has continued to be uneventful for 10 months since she underwent excisional biopsy.

Studies have shown that the prognosis of POB is very poor. The high propensity of metastasizing to the lungs followed by bones, more through a hematogenous route than lymphatic pathway, gives the disease a poor prognosis. The nature of being osteosarcoma is another reason for the poor diagnosis due to the fact that osteosarcomas are resistant to chemotherapy as well as radiotherapy. A number of prognostic factors regarding POB have been reported, including the number of mitotic figures, tumor size, and presence of stromal atypia.[@CIT0012] In the series of Silver et al[@CIT0011] which included 50 patients with POB, it was found that the overall survival for the 39 patients with complete follow-up data was only 38%. During follow-up of the patients, 15 patients developed metastasis to the lungs and bones after 20 months and 11 of them had recurrence of the disease. The argument of if adjuvant radiotherapy should be used remains unclear, albeit several studies reporting on a small number of patients suggest that adjuvant chemotherapy may be of value in patient management.[@CIT0013]

Conclusion {#S0004}
==========

In summary, POB is a rarely reported disease entity with a very poor prognosis and it has not been studied extensively for different treatment regimens to be established. The mimicking of mammographic findings poses another challenge for timely treatment of the disease. Therefore, it should be understood that POB may involve very young patients as it has been for the index case contrary to other mammary sarcomas.

An abstract of this paper was presented at the 2019 American Society of Clinical Pathology (ASCP) Annual Meeting in Phoenix, AZ, USA, as a poster presentation with interim findings. The poster's abstract was published in "Poster's abstracts" in the *American Journal of Clinical Pathology* (AJCP).
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